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Reference is made to the following documents: 



D1: DE-A-4227183 
D2: US-B1 -6246596 



substantially steady state and P ' he P ° Wer supply reaohes 
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second energy storage device (15) ' 0r ,rans,errin 9 said to the 

e> .hA 1 "*** ma,t . er0f °' aim 1 dmerS ,here,or ,rom such k"°»n startup circuit in that- 

r 8 eoZ:^~ 

Claim 1 satisfies, therefore, the requirements of Article 33(2) PCT about novelty. 
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INTERNATIONAL PRELIMINARY 




The problem to be solved by the invention of claim 1 with respect to prior art D1 may 
therefore be regarded as: decreasing the losses associated with the startup capacitor charging 
section (9,10) of D1, once the power supply reaches steady state. " 

> Although D1 clearly states (column 1 lines 26-28) that the startup circuit should in 
principle be disabled after the power supply reaches steady state, this is not done in the 
embodiment shown in the figure or in the remaining of the description because, as explained 
m column 2 lines 28-32, the charging circuit of the first capacitor is highly resistive and little 
djss.pat.ve, so that the possibility of immediately restarting the charging of capacitor 1 0 in case 
of operat.onal problem (such as failed start-up attempt of the control circuit 5, see column 2 
lines 27-40) is preferred to the possibility of completely eliminating the charge current losses 
after startup. 

Thus it can be considered that D1 teaches away from the proposed solution, and it is 
likely that the skilled person, if not prepared to tolerate capacitor charging currents after 
startup, would abandon the start-up circuit of D1 . 

Claim 1 can therefore be considered to involve an inventive activity and it satisfies the 
requirements of Article 33(3) PCT. 

Claims 2-17, which depend on claim 1, are consequently also new and inventive. 

Independent method claim 1 8 is also new and inventive for the same reasons, mutatis 
mutandis, already given for claim 1 . 

Subject matter of claims 1-18 finds an industrial applicability in the field of power supplies 
for low voltage equipment. ww 
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transformer 15 after startup. The second transistor 21 feeds the resulting voltage to 
the control circuit, which is driven thereby, and inverts the first transistor from 
conduction to cutoff thereby effectively disconnecting the starting resistor 17. 

Thus, the power supply unit saves electricity during standby by separating 
starting resistance after a startup (of a switching circuit), and driving the control 
circuit of a main switching element by only power generated in an output 
transformer. 

It will be seen from Fig. 2 that an electrolytic capacitor 23 is connected 
across the input immediatery after the bridge rectifier 13. The purpose of the 
electrolytic capacitor 23 is to store energy from the mains and serve as an auxiliary 
supply in ibe ev^t of a momentary outage or fluctuations in the main voltage. In 
order to serve this function, the capacitor 23 must have a high capacitance and 
indeed this is the reason that an electrolytic capacitor is employed. However, the 
connection of a high capacitance at 1he input of the circuit militates against the 
power supply having near unity power factor. This may not matter too much when 
the power supply is to be used with computers and the like. However, there are 
mahy applications where near unity power factor is required and, in such cases, the 
circuit shown in JP 2001275347 is unsuitable. 

In order to achieve near unity power factor, a high capacitance of the order 
of 200 nF is usually disposed near the output of the power supply. This increases 
the time that it takes for steady state to be reached and this in turn increases the 
time before the startup circuit must be disabled. In JP 2001275347 the time taken 
between the first switch 18 opening and the second switch 14 closing is too fast to 
allow complete charging of such capacitance. This also indicates that the circuit 
disclosed in JP 2001275347 is unsuited for use with power supplies having near 
unity power factor. 

DE42 27 183 discloses an electronic E tching devW forfce delivery of „ 
start-up supply voltage in a switched-mpde for synchronic ~ 
switching device supplies the start-up supply vol fa ^ to an el^tmmV ggjifeol -fmft 
whose output is connected to an electronically confeojlgd pujgg gwjfch th- 
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controlled pulse switch starts p ulsing, the electronically controlled circuit is 
supplied by an operating voltage circuit A first capacitor charges when voltage is 
• first applied: and a second capacitor is coupled to an outp ut of the power supply for 
charging when a voltage appears at the output of the power supply. The first 
capacitor is charged at high im pedance by the input voltage. Under regular 
operating conditions, and after reaching a threshold voltage, the charge of the 
second capacitor becomes availab le to the post-connected electronic control circuit 
at very low impedance. 

US 6,246,596 (Yamazakil publish ed June 12. 20Q1 and entitled "Switch™ 



power supply" discloses a switching p ower snonlv includes a power ftrfnr 
improvement circuit controlled bv two cont r ol ICs fed bv ^spective capacitors an ri 
at least one start-up circuit for contro l ling start-up of the two control in* 

It would therefore be desirable to provide a startup circuit for a power 
supply, particularly a universal power supply having near unity power factor, 
wherein the starting resistor is disconnected after the power supply has reached 
steady state, thereby preventing energy loss and improving efficiency. 

SUMMARY OF THE INVENTION 

It is therefore an object of the invention to provide a startup circuit for a 

power supply having near unity power factor, having a starting resistor that is 

disconnected after the power supply has reached steady state, thereby preventing 

energy loss and improving efficiency. 

To this end there is provided in accordance with the invention a startup 

circuit for a power supply, said startup circuit comprising: 

an input for connecting a source of high voltage thereto, 

an output rail for feeding rectified voltage to the power supply, 

a first energy storage device coupled to the output rail for storing energy 

"chen voltage is first applied to the input, 
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a second energy storage device coupled to an. output of the power supply I 
for storing energy when a voltage appearing at the output of the power supply 
reaches substantially steady state, and 

a switching circuit coupled to the first energy storage device and to the 
second energy storage device and being responsive to the first energy storage 
device having sufficient energy for transferring said energy to the second energy 
storage device and disconnecting the first energy storage device from the output 



to 



characterized in that: 

the power supply fa fl universal or variable power supply that is fldnpteH tn 
operate over a range of power supply vol t ages fed to saiH h^ n*, 

a starting resistor is coupl ed betw e en the output mil «n d the fit ^ „„ PrtTy 
storage device for sourcing current to the first ^ erg y storage riWi^ s 

the switching circuit is resp onsive to the first energy ^™-a ge devfc* 
sufficient energy f or disconnecting (he star* i n g resistor fmm the outont *.n 

BRIEF DESCRIPTION OF THE DRAWINGS 

hi order to understand the invention and to see how it may be carried out in 
practice, a preferred embodiment will now be described, by way of non-lmiiting 
example only, with reference to the accompanying drawings, in which: 

Fig. 1 is a partial circuit diagram showing schematically a conventional 
startup circuit in a typical low voltage power supply; 

Fig. 2 is a partial circuit diagram showing schematically a prior art power 
supply; 

Fig. 3 is a block diagram showing mnctionaJly an. improved startup circuit 
according to the invention; and 



I 
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CLAEVJ5: 

1. Startup circuit (30) for a power supply (44), said startup circuit comprising: 
an input (31) for connecting a source of hi gh voltage thereto, 
an output rail (33) for feeding rectified voltage to the power supply, 
a first energy storage device (35) coupled to the output rail for storing 

energy when voltage is first applied to the input, 

a second energy storage device (37) coupled to an output of the power 

supply for storing energy when a voltage appearing at the output of the power 

supply reaches substantially steady state, and 

a switching circuit (36, 50) coupled to the first energy storage device and to 

the second energy storage device and being responsive to the first energy storage 

device having sufficient energy for transferring said energy to the second energy 

storage device and disconnecting the first energy storage device from the output 

mil 

characterized in that; 

the power supply (44) is a univer.^1 nr v^ 3 ^ power supply that is 



adapted to operate ovey a range of power su pply volfagre fr d to sajd inp ilt 

a starting resistor (R5 ) is couple d between the output rail f33t and *h» fl^t 
energy storage device ( 3 5) for sp urring current to the first ™~-gy storage rievi^ 
(351 and 

the switching circuit is respons ive to the fir st energy storage device havM, 
sufficient energy for disconnects tfa e starting resjstor (R5^ fr„ m th. output raj] 

cm 

~ THe startup circuit according to Claim 1 , being part of a r ower STlrm i v fnr 

an LED lighting system. 

~ ^ ***** djcui * according to Claim I_or_2, wherein the first energy 

storage device is a first capacitor (3 5). 

— ^ staxm P according to any one of Claim, j er-fc03, wherein the 

second energy storage device is a second capacitor (37). 



/7 rrn- tA-*:- 
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a»5. The startup circuit according to Claim 3 or 4, including: 

a current source (34) connected to the input for charging the first capacitor, 

and 

a first comparator (38) having a first input (39) coupled to an output of Uie 
first capacitor (35) and having a second input (40) connected to a first reference 
voltage (VRl) for generating a first switching signal when the output of the first 
capacitor exceeds the first reference voltage; 

a second comparator (41) having a first input (42) coupled to an output of 
the second capacitor (37) and having a second input (43) connected to a second 
reference voltage (VR2) for generating a second switching signal when the output 
of the second capacitor exceeds the second reference voltage; 

said switching circuit (36, 50) being responsive to the first switching signal 
for changing from an initially open circuit wherein the first capacitor is isolated 
from the second capacitor to a closed circuit whereby the first capacitor is 
connected in parallel with the second capacitor; and being responsive to the second 
switching signal for disabling charge flow to the first capacitor. 

— ^ startu P circuit according to Claim 5, wherein the switching circuit (36, 

50) includes: 

a first switch (50) coupled to the current source and having an initial state 
wherein the current source is coupled to the first capacitor and having a second 
state wherein the current source is decoupled from the first capacitor, and 

a second normally open switch (36) coupled between respective outputs of 
the first and second capacitors. 



- The startu P circuit according to Claim 6, wherein me first and second 
switches include semiconductor devices (Ql, Q4). 

The startup circuit according to Claim 7, wherein the first and second I 

switches are bipolar junction transistors (QI, Q4). ' 

The startup circuit according to any one of Claims 5 to 8, wherein the first 

comparator (38) includes a zener diode (D3). 
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6*10. T he startup circuit according to airy one of Claims 5 to 9, 'wherein the I 
second comparator (41) includes a zener diode (Dl). i J 

fell. , The startup circuit according to any one of Claims 5 to 10, wherein the 
current source (34) includes a transistor (Q2) for feeding current through a resistor 
(R5). 

MZ. — The startup circuit according to any one of Claims 5 to 11, wherein the I 
switching circuit (36) includes a first switch (50) comprising resistors (Rl, R2, R3, 
R4) in combination with a transistor (Ql) for controlling the current source (34). 
M3. — The startup circuit according to any one of Claims 5 to 12, wherein the | 
switching circuit includes a second switch (36) comprising resistors (R8, R9) in 
combination with a transistor (Q4). 

— A universal or variable power supply including the startup circuit f 
according to any one of Claims 1 to 13. ' 
§zl5. — The power supply according to Claim 14, being an integral unit 
M§z — The power supply according to Claim 14 or 15, being part of an LED 
lighting system. 

6*12: — The power supply according to any one of Claims 14 to 16, mcluding a I 
power factor correction circuit ' 

& A .. method fcr achieving substantially con s tant losses l n a universal or 

variable power supply having an outout mil that feeds cu rrent to a cap Bc ifnr 
(35) via a resistor (R5) and is counted tn a lame control circuit tfiat is fed hy a 
■backup power sunnlv m steady state, the method comprising: 

decoupling the resisto r from the output rail when steady state is achieved 



so as to el iminate losses through the resistor. 



